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Concurrent Design: 
A Winning Cross-Disciplinary 
Analysis and Design Approach 

A 
Talk in the 

CSMISS IT Spotlight Series 

Presented 
bY 

Dr. Knut I. Oxnevad 

Jet Propulsion Laboratory 
Califomia Institute of T~chology 

October 16,2002 

Pasadena, CA, October 16,2002 

1. The Starting Point 
2. Approach 
3. The NPDT 
4. Development Path 
5. A Winning Approach 

a, Loihi 
b, OSIRIS 
c, Mars Rovers/Landers 

5. Research 
6. Future 

The work described in this presentation was carried out in pal 
at the Jet Propulsion Laboratory, California Institute of 

Technology, under a contract with the National Aeronautics 
and Space Administration. 

10/14/02 



Contributing Organizations 

Jet Propulsion Laboratory (JPL)/California Institute of 
Technology 

Mission Development 
Modeling and Simulation 
Payload Division 
Ground Operations 
Power 
Science 
Thermal 
Telecom 
Mars Rover Technology 

Mars Program office 

NASA 
Code FT HQ 
Marshal 
Langley 

NASDA 
Tsukuba Space Center 

Concurrent Design Laboratories - CDL 

Stanford University, CA 

Old Dominion University, VA 

Oxnevad,K.I, 2 

10/14/02 
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The Initial Steps. 

. -, Concept to Prototype 

-+ Concept to Flight Ready System 

Need for Engineers and Scientist To Work 
more Efficiently Across Disciplines to 

Develop Space Systems of Higher Quality 
in Shorter Time 

4 New Approach to 
SC Design (Full Set of Equations 

Describing Dynamics 
Dissertation/ Between all Subystems, Trades, 

Sensitivities, etc.) Research LaRC (6.5 Years) 
t I + 

“Eight Principles 
Of Concurrent 

Design” J (EUSEC2000) 

+ +  NEED: For Higher-End 
Analyses and Design 
Capabilities from the Start 

1 
Oxnevad,K.I, 4 
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Goal! 

Concept 

Compressed Design Cycle & Improved Quality 

OCDL 
Oxnevad, K.1, 5 
10/14/02 
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In A Nut Shell 

*Concurrent Design and Analysis Environment 
Discovery Phase 1 

Gulliver .Real-Time Analysis and Design 

Total Systems Approach, MuZti-Disciplinary Team 

*Standing Design Team 

Customer Actively Participates in the Design Sessions 

lnput Parameters are Challenged in Real-Time 

IIP/OSIRIS 

DS W%4/CIRCLE *Involved External Experts in the Design Sessions 

*joint Sessions with other NASA Centers 

*From Concept to Engineering Drawings 

.Interconnected, High-End Optical, Microwave, MechanicallCAD , 

Loihi Deep Ocean, 
Volcanic 
Vent Robe Search Camera for the 

CNES Orbiter 
*Applications Utilize a Common CAD Developed Geomety 

Open Environment, importlexport of STEP, NASTRANfiles, efc., 
from/fo JPL, other N A S A  centers, and Industry 

*Technology Insertion Through Cooperation with MDLJTAP 

.Analysis and Design Time Cutfrom Months to Weeks 
Oxlaevad, K.1, 11 

10/14/02 





The Steps ... 

" B - o f w  MSFC CDE = UoM -1 (NASA HQ) 

New Paradigms Workshop 
(NASA HQ) -- 

MSMS Team Set Up TeamI-> NPDT Team1 ->Div38 

.......................................................................................................................... ................................................................................ .............................................................................................................. 

optical 

Power Sim 
Telecam 

Simulation 
Structural End-End Syst 

Imp/Exp Ext Files Radiation b Cost 

Oxnevad, K.1, 13 - 60 Customers Supported 10/14/02 
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Concept -> E n . .  Drawing Qual in 3 Weeks 
Intergrated: Opt, Mech, S t r u t  

Support: Mechanical (parts and assemblies), Structural, Electronics, Optics, and 
Engineering Drawings Oxnevad,K.I, 15 

Images Courtesy G. Olarte & G. French 10/14/02 @ 



OSIRIS -> AQUARIUS and HYDROS 
Genealogical Path 

STATIC/3 
Taurus 2210 

AQUARIUS/EssP 
(STATIC/3) 
Delta I1 7320 

HM)ROS/ESSP 
(SPIN/l) ................ 3 NDPT/(TD): Data, Geometries, Analysis Results (DGAR) 

Taurus 2210 

OSIRIS: Ocean-salinity Soil-moisture Integrated Radiometer-radar Imaging System W 

Oxnevad,K.I, 16 
10 J 141 02 Images Courtesy G. Olarte & ESSP/HYDRCJS URL & S .  Yueh OCDL 



OSIMS to AQUARIUS 
Breadth and Depth 

High-End A&D: 
Thermal 

Structural 
Mechanical 

Manufac /Materials /Test 

Images Courtesy G. Olarte & Simon Yueh OCDL 
Oxnevad, K.1, 17 
10/14/02 



Integrated, High-End Analysis and Design 

Physical Optics, MODTool (HPC) 

Mechanical, Me& Desktop r 
Apps Inside MDT 

V 

File Transfer 

File Transfer 

Ra 

Apps Inside MDT 
4 

t I 

*HandsWTouch 
and Feel" 

-+ 
File Transfer ______, 

ics,ADAMS 

I I + 
!Straehual Dynamics, NASTRAN 

Onaevad,K.I, 18 
10/14/02 



Mars Surface Mobility Studies 
Mars Advanced Studies 

Volcanology, MER 
Derivative 

W 

Polar Layer Deposit (PLD) 

Fission Powered Polar Based 
Cryobot Lander Mission 

JPL, DOE, Los Alamos, Sandia 
Images Courtesy Hovik Nazaryan and Guillem Olarte 

Fission Powered 
Rover Mission 

Oxnevad, K.1, 19 
10/14/02 



me Mars Surface Mobility Study (MSMS) 
Team 

photo, courtesy Ben shaw 10/14/02 



Sizing, Configuration, and Simulation 

Mars Outpost 
50km Fuel Cell Rover 

Lander Configuration Deployment Sequence Surface Configuration 

f SURF 2001 Rover 
(MSMS Rover Team) 

OperationalScenario 
Simulation 

Support: Mechanicd (parts and assemblies), Structural, Surface Mobility/Ops Simulations, Oxnevad, K.1, 21 

10/14/02 
Trade Studies, Mass Summary 



Power AnalysisJSimulation Tool 
Multi-Mission Power Analysis Tool (MMPAT) 

JPL's Multi-Mission Power Analysis Tool (MMPAT) Included in Environment 

Calculates, for a Given Location, Date, and Mission Power Profile: 

.Solar Power Available 

.Battery Charge and Voltage 
*Solar Panels and Battery Sizes/ Capacities 

Plan to Introduce Avionics and Telecom Tools Later 

Images Courtesy Erik Wood OCDL 

Oxnevad,K.I, 22 
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CFD and Immersive 3 0  COTS Tools 

Sa 
di! 

Dr Tibor Baht, Assessment af 
Computational Fluid Dyna . nce the 
Concurrent Design En 002 

Yves Rubin, Using 3D Visualization and Virtual Reality to Enhance 
the Cot"nt  Design Environment at NASA-JPL, May 2002 

Objective 

Evaluate CFD and 3D Immersive Tools For use in a 
Real-Time Concurrent Design Environments 

Courtesy, Dr. Tibor Balint and Yves Rubin, 2002 

Evaluation and Recommendation Completed 

OCDL 

Oxnevad,K.I, 24 
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